A rapid, two-solvent, HPLC-APCI-MS method was developed to identify and quantify four pentacyclic triterpenes (betulinic acid, ursolic acid, α-amyrin and β-amyrin) in extracts of the neotropical medicinal plant Souroubea sympetala. Analysis of plant organs, wood, bark, leaves, immature fruit and flowers, indicated that the phytochemical distribution and quantity of triterpenes varies across the plant, with betulinic acid and ursolic acid the major constituents in the bark, wood, fruit and flowers and the amyrins the major constituents of the leaves.
The Marcgraviaceae is a neotropical plant family, indigenous to tropical America, consisting of 5 genera and 125 species [1a] for which the phytochemistry is not well described. The genus Souroubea (Marcgraviaceae) was identified during a natural product discovery study in Costa Rica (C.R.) as an anxiolytic. S. guianensis may also be used to treat susto (fright) [1b] . Susto is a condition of folk etiology known throughout Latin America and understood to occur following a sudden frightening event that leads to the loss of "soul" or essence. The physiological characteristics of susto include diarrhea, loss of appetite, and restlessness [1c] . For diagnostic purposes, susto is considered a "culturebound syndrome" linked to both anxiety and depression [1d,1e] . Preliminary in vivo evidence indicates that Souroubea sp. significantly reduces anxiety in a rodent behavioural assay of anxiety. Treatment of rats with 1 mg/kg of an ethanolic extract of Souroubea sp. exerted significant anxiolysis in the elevated plus maze (EPM), a standard behavioural assay of anxiety [1f] . Further, an ethanolic extract of S. gilgii inhibits rat gamma amino butyric acid-transaminase (GABA-T) activity (IC 50 = 0.6 mg/mL) [2a] , a major pharmacological target in the treatment of anxiety and epilepsy [2b,2c] .
Currently there are no methods for the phytochemical analysis of Marcgraviaceae. From S. sympetala we have isolated a variety of known triterpenes and flavonoids [1f] . The anxiolytic activity is associated with a terpene fraction containing four pentacyclic triterpenes, betulinic acid (BA), ursolic acid (UA), α-amyrin (α-A) and β-amyrin (β-A), and a method for their analysis in extracts of this plant is described here.
HPLC method development
Preliminary HPLC study of BA in S. sympetala extracts ( Figure 1A ) was initiated using diode array detection (DAD) (UV, 205 nm). DAD sensitivity was low due to poor light absorbance. Detection was enhanced with the use of MS detection versus DAD ( Figure 1B ). The detection method was optimized for all four compounds by selected ion mode (SIM). The gradient was optimized to increase separation. Separation was complicated by the fact that BA and UA have the same molar mass and α-A and β-A are Chromatographic profiles of S. sympetala extracts and compound identification: The chromatograms (Figure 2) show the presence of the four triterpenes in all plant parts, but the profile varies across the plant parts, with BA and UA detected at highest levels in the bark and the wood and the amyrins detected at highest levels in the leaves. There is a differential distribution of amyrins in the leaves, with α-A most prevalent in the old leaves and β-A the major amyrin detected in the young leaves. Lower levels of triterpenes were detected in the immature fruit and flowers; in both, the major peak detected was BA.
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Quantification of triterpenes in S. sympetala extracts: Extraction yields from the ASE extracts (Table 1) were highest in the flowers and lowest in the immature fruit. Quantification of the phytochemicals across the plant parts ( Figure 3 ) showed more BA in the bark, with a mean value of 85.7 ± 30.3 µg/mg extract, than in the wood, 46.6 ± 11.7 µg/mg. There is significantly more BA in the bark versus the old leaves, young leaves, flowers and fruit (p < 0.05). The bark contains the greatest amount of UA, 0.50 ± 0.2 µg/mg, significantly higher than UA levels in the other plant organs (p < 0.05). There are higher levels of amyrins in the leaves than in the other plant organs. α-A is the major triterpene present in the old leaves, with a mean value of 11.5 ± 7.7 µg/mg, 3.3 times greater than that measured in the young leaves, 3.4 ± 3.1 µg/mg. There is more α-A in the old leaves than in the wood, bark, flowers and fruit, although a significant difference exists only between the α-A content of the old leaves, 11.5 ± 7.7 µg/mg, and α-A levels of the fruit, 0.04 ± 0.01 µg/mg (p < 0.05). Finally, β-A is the major triterpene in the young leaves, with a mean value of 12.2 ± 6.4 µg/mg versus 6.1 ± 3.0 µg/mg in the old leaves.
There is significantly more β-A present in the young leaves than in the wood, flowers and fruit (p < 0.05). β-A levels in the old leaves are lower than in the young leaves, but significantly greater than in the flowers or fruit (p < 0.05).
This report provides the first method for identification of S. sympetala plant organs by HPLC-APCI-MS. The method is straightforward and allows for detection and quantification of the four triterpenes of S. sympetala from a biologically active fraction. The extraction method is also rapid and simple, with the added value that ASE extraction methods consume less solvent and are less labor intensive than conventional extraction approaches [2d]. The HPLC-APCI-MS method is similarly rapid (28 min) and employs a two solvent system that effectively accomplishes the challenging separation of a pair of molecules with identical molecular mass (BA and UA) and a pair of isomers (α-A and β-A).
While other methods to separate triterpenes exist [3a,3b] , our method is, to the best of our knowledge, the first to separate this particular combination of molecules. Further, we have characterized the phytochemical profile of S. sympetala across the plant organs. From this characterization, it is clear that the phytochemistry varies across the plant, with more BA and UA present in the wood and the bark versus the leaves, whereas the leaves contain more amyrins. The anxiety reducing properties identified in the traditionally used material, the leaves, may be due to the presence of the amyrins, which have been shown to exert anxiolysis [3c]. The phytochemical characterization described here will facilitate phytochemical identification of S. sympetala and ongoing identification of plant organs that represent best candidates for medicinal application. The present study has addressed new strategic priorities in the characterization of S. sympetala. Future work will investigate the variability and phytochemical diversity of this species and compare it with other members of the same genus, particularly S. gilgii, a species also found in Costa Rica. Finally, due to the lipophilic nature of these triterpenes, emerging extraction technologies (for example, super critical CO 2 ) are under development to optimize complete extraction. The ASE extract was combined with the storage ethanol extract and dried down via speed vacuum at 40ºC and lyophilized. All extracts were stored in opaque glass vials at 4ºC.
Experimental

Materials
HPLC-APCI-MS analyses:
HPLC-APCI-MS analyses were conducted on wood, bark, young leaf, old leaf, flower and immature fruit extracts. Analyses were performed with a 1100 LC MSD VL APCI system consisting of an autosampler, quaternary pump, diode array detector (DAD) and an online APCI-MS with a mass range of 50 -1500 a.m.u. (Agilent, Palo Alto, CA, USA). A Waters YMC ODS-AM column (100 x 2 mm I.D.; 3 µm particle size, 120 Ǻ), maintained at 45ºC was used at a flow rate of 0.4 mL/min. The elution conditions were optimized with a mobile phase of water (solvent A) and acetonitrile (solvent B) as follows: initial conditions: 70% A: 30% B, linear gradient to 100% B in 10 min, maintained at 100% B for 8 min and returned to 70% A: 30% B in 7 min, post-time 3 min, for a total run time of 28 min. One microlitre of each extract was injected through the autosampler for each run and the elution profiles monitored via MS.
Detection and quantification of triterpenes was conducted via MS. The mass spectrometer was tuned in positive ion mode at the beginning of all experiments. The optimized spray chamber conditions were: drying gas flow rate of 5.0 L/min; nebulizer pressure of 60 psi; drying gas temperature of 200ºC; vaporizer temperature of 325ºC; capillary voltage of 3200 V; and corona current of 5.0 µA. The MS was operated in SIM and tuned to detect ions with a mass/charge (m/z) ratio of 439.1 (BA), 439.2 (UA) and 409.2 (α-A and β-A), which correspond to the molecular mass of each triterpene following the loss of a hydroxyl group and hydrogen atom during fragmentation.
Calibration standards: Individual stock solutions of the four standards were dissolved in methanol at a concentration of 2 mg/mL. The stock solutions were diluted through the addition of the appropriate volume of methanol to a range of 1 µg/mL -1 mg/mL to yield the solutions used to generate the calibration curve. The identities of the triterpenes in the extracts were determined by comparing the retention times and mass data with those of the calibration standards.
Statistical analysis: All statistical analyses were performed with S-PLUS software version 7.0 (Insightful Corp., Seattle, USA). Tukey multiple mean comparison tests were conducted on logtransformed raw data to compare phytochemical distribution across the plant.
